Macrophages can bind and engulf antigen
without the assistance of antibody, but if IgG
antibody is present (from previous immunisa-
tion) and combines with the antigen to form
immune complexes, binding is greatly enhanced
because macrophages, like polymorphs and
some lymphocytes, have surface receptors for
the Fc of the IgG in the complexes. Macro-
phages do not have receptors for IgM, but when
IgM antibody reacts with antigen, complement
is activated and the binding of the antigen-
antibody complexes is then enhanced by sur-
face receptors for the C3b component of com-
plement (p. 181). Some sub-classes of IgG anti-
body are cytophilic for macrophages, i.e. they
bind to the macrophage surface in the absence
of antigen, and will enhance the binding of
antigen subsequently encountered. These mech-
anisms of antigen binding are summarised in
Fig. 7.2, p 180.

The immunogenicity of macrophage-
associated antigen. When living macrophages
are incubated with an antigen in vitro and
washed to remove free antigen, they induce an
immune response when injected into a syngen-
eic animal. If the antigen is weak, i.e. induces
a poor immune response when injected alone,
prior processing by macrophages considerably
enhances its immunogenicity. Similar experi-
ments suggest that macrophage-associated anti-
gen enhances both primary and secondary anti-
body and cell-mediated immune responses: it is
particularly effective in stimulating the produc-
tion of B-memory cells and so primes the indi-
vidual for a secondary response. Both the
number of B lymphocytes responding to a
weak antigen and the number of cells resulting
from the clonal proliferation of each stimulated
B cell are increased by macrophage participa-
tion. Macrophage activity does not, however,
overcome the need for helper T cells in T-de-
pendent antibody responses, nor does it induce
immune responses in animals which have
acquired immunological tolerance to the anti-
gen.

There is recent evidence that macrophages secrete
various non-antigenic products which influence lym-
phocyte responses to antigen, and also that macro-
phages can bind a product (? antigen receptors) of
responding T lymphocytes (Fig. 5.27c, p. 130).

Trapping of lymphocytes by macrophage-associated
antigen. When macrophages are treated in vitro with
antigens and then washed free of unbound antigen
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and added to a suspension of lymphocytes, a small
proportion of the lymphocytes bind to individual
macrophages to form clusters. The number of clus-
ters is much greater when the lymphocytes are taken
from an animal previously immunised with the same
antigen, and it may thus be concluded that speci-
fically-responsive lymphocytes, including memory
cells, bind to the surface-bound antigen on the mac-
rophage, from which they receive antigenic stimula-
tion. The clusters contain T and B lymphocytes and
it may be that, by attracting both types of cell, the
macrophage promotes T-B cell co-operation in the
immune response.

The distribution of antigen within the body de-
pends on the route of entry and on the amount and
nature of the antigen. When a small amount of anti-
gen is introduced into the skin, it is taken up mainly
by macrophages in the draining lymph nodes. Anti-
gen entering the bloodstream is taken up by macro-
phages in the spleen and liver and also in various
lymph nodes. These patterns of distribution are,
however, influenced by whether the antigen is in
solution or in particulate form, and by the presence
or absence of antibodies resulting from a previous
exposure to the antigen.

The virgin lymphocytes responsible for a primary
immune response are believed to lie mainly in the
spleen and lymph nodes (p. 122) where they pre-
sumably encounter the macrophage-bound antigen,
although the possibility that these short-lived cells
recircuiate has not been ruled out. The secondary
response is due to the presence, in the recirculating
lymphocyte pool, of T and B memory cells respon-
sive to the antigen (p. 123), and within a day or so of
introduction of the antigen these specifically res-
ponsive memory cells aggregate at the sites of the
macrophage-associated antigen, i.e. in the spleen
and/or lymph nodes, and so disappear from the re-
circulating pool. Electron-microscopic studies have
shown aggregates of lymphocytes around antigen-
containing macrophages, similar to the in vitro clus-
ters described above. In some instances, antigen per-
sists locally in a non-lymphoid tissue, where its pre-
sence stimulates a macrophage reaction followed by
aggregation of lymphocytes and a local immune res-
ponse (p. 139).

Dendritic germinal-centre cells are not true macro-
phages, for they are of mesodermal origin. Their
property of binding antigen-antibody complexes is
described on p. 138.

Conclusions* By destroying excess antigen and
presenting the remainder in strongly immuno-
genicform, macrophages may inhibit the develop-
ment of immunological tolerance and enhance
the immune response. By their prolonged reten-
tion of antigen within the secondary lymphoid